* NOTICES * 




JPO and NC t P K are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The art of the silicon single crystal wafer characterized by carrying out the polish of 
the front face of the wafer concerned, and removing it after removing the oxide film which 
performs heat treatment in a 1 100-1300-degree C temperature requirement for 0.5 to 24 hours, 
and is formed at this time in the silicon single crystal wafer manufactured from the single crystal 
which was able to be pulled up with the Czochrlski method. 

[Claim 2] The art of the silicon single crystal wafer according to claim 1 characterized by 
performing the 0.5-15 micrometers of the above-mentioned polishes. 

[Claim 3] The art of the silicon single crystal wafer according to claim 1 or 2 characterized by 
performing the above-mentioned heat treatment in the ambient atmosphere containing oxygen or 
oxygen, and forming an oxide film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

[0001] This invention relates to the art of the wafer which made it possible to improve the 
oxide-film proof-pressure property in the silicon single crystal wafer (only henceforth a wafer) 
manufactured from the single crystal which was able to be pulled up with the Czochrlski method 
(henceforth a CZ process). 
[0002] 

[Description of the Prior Art] In a semiconductor integrated circuit, it is required at the time of 
actuation of a device component that withstand voltage is high and that leakage current should 
be small and the dependability of an oxide film should be high. Although the ingredient used for 
manufacture of a semiconductor integrated circuit is a wafer manufactured from the silicon 
single crystal which was able to be pulled up by the CZ process, the crystal defect is introduced 
into this silicon single crystal by the heat history in a training process. 

[0003] When the wafer manufactured using a single crystal with such a crystal defect is used 
and an integrated circuit is manufactured, the defect of oxide-film pressure-proofing poses a 
problem. Therefore, in order to manufacture an integrated circuit with the sufficient yield, the 
wafer which was excellent in the oxide-film proof-pressure property is required. For that 
purpose, development of the art of the wafer for abolishing the minute defect near [ used as the 
cause of reducing oxide-film pressure-proofing ] the wafer front face is called for. 
[0004] Performing hot pre-heat treatment as one of the approaches which makes the oxide-film 
proof-pressure property of this wafer improve is raised. In this heat treatment, effectiveness 
hardly went up, but this invention person etc. found out that it was necessary to process in the 
elevated-temperature field of 1250-1300 degrees C, and already proposed in the about 900- 
1 100-degree C temperature requirement used as sacrifice oxidation (Japanese Patent 
Application No. No. 102062 [ four to ]). 
[0005] 

[Problem(s) to be Solved by the Invention] However, said approach has inconvenient [ which 
heat-treats in a hot temperature field narrow moreover ]. Moreover, it is necessary to make still 
much more improvement about the oxide-film proof-pressure property of a wafer. This invention 
aims at offering the art of a wafer which enabled it to obtain the wafer which was excellent in 
the ****** oxide-film proof-pressure property. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in the 
art of the wafer of this invention, in the ambient atmosphere which contains oxygen or oxygen 
for the wafer manufactured from the single crystal which was able to be pulled up by the CZ 
process in a 1 100-1300-degree C temperature requirement, heat treatment is performed for 0.5 
to 24 hours, after removing the oxide film formed at this time, the polish of the front face of the 
wafer concerned is carried out, and it is removed. 

[0007] The above-mentioned heat treatment needs to be carried out in 1100-1300 degrees C 
for 0.5 to 24 hours. DZ to which the defect density which the oxygen between grids under 
crystal [ / near the wafer front face ] carries out out-diffusion to a wafer front face by this heat 



treatment, and originates in t^^^cygen between grids fell (Denuded Z<^^^K layer is formed. 
However, heat treatment of a low-temperature short time of formation of DZ layer is inadequate, 
and the new defect by a pollutant etc., for example, OSF etc., will occur in formed DZ layer in 
heat treatment of elevated-temperature long duration. In addition, it is the description to 
perform the above-mentioned heat treatment in the ambient atmosphere containing oxygen or 
oxygen, and to form an oxide film. Controlled atmospheres other than the oxygen used here are 
inert gas like nitrogen and an argon. 

[0008] After removing the oxide film formed of this heat treatment, the polish of the surface 
section of a wafer is carried out, and it is removed. The range of the desirable amount of 
polishes is 0.5-15 micrometers. Since the crystal defect or foreign matter which exists in the 
front face after oxide-film removal is not completely removed unless this amount of polishes 
fulfills 0.5 micrometers, if it is inadequate in that effectiveness, and 15 micrometers is exceeded 
and that amount becomes large, DZ layer formed of heat treatment will be removed, the crystal 
defect layer which exists in that lower part will be exposed, and effectiveness will be lost. In 
addition, the smaller one is desirable in order to lessen time and effort which is [ above- 
mentioned ] within the limits and carries out a polish and to be beneficial about the amount of 
polishes. 
[0009] 

[Function] The factor which affects the oxide-film pressure-proofing in this wafer can raise the 
crystal defect which originates in the oxygen between grids as secondarily as the flow pattern 
defect incorporated mainly at the time of crystal training (collection of 1991 spring Japan 
Society of Applied Physics drafts 28 p-ZL- 1-4 and the 40th semi-conductors and integrated- 
circuit technical symposium lecture collected works, and the electrochemistry societies p55-p60 
(1991) reference). 

[0010] It is as having already proposed that it is because DZ layer to which the defect density 
which the flow pattern defect incorporated at the time of crystal training reduces the 
effectiveness of the oxide-film proof-pressure improvement by pre-heat treatment of a wafer, 
and originates in the oxygen between grids [ near the wafer front face ] fell is formed (Japanese 
Patent Application No. No. 102062 [ four to ]). 

[001 1] That is, most flow pattern defects in a wafer are extinguished by heat treatment in this 
invention approach. Moreover, since a consistency falls by out-diffusion and, as for the oxygen 
between grids near the wafer front face, formation of DZ layer is promoted further, the minute 
defect density of the oxygen reason between grids also falls. 

[0012] Moreover, after removing the oxide film of the wafer which heat-treated this invention 
approach, by carrying out the polish of the amount (at least 0.5 micrometers) of some of the 
front face, and removing it, the crystal defect and foreign matter which exist near the front face 
are removed, and a pure mirror plane is acquired. Therefore, in the thermal oxidation film 
formation at the time of manufacturing a semiconductor integrated circuit using this wafer, a 
minute defect to which an oxide-film proof-pressure property is reduced is hardly incorporated 
in an oxide film. Therefore, it becomes possible to obtain the semiconductor integrated circuit 
which was excellent in the oxide-film proof-pressure property. 
[0013] 

[Example] The example of this invention is given to below and it explains to it still more 
concretely. 

example 1 CZ process — rate-of-crystal-growth: — the wafer was produced using the silicon 
single crystal (diameter: a 5"phi, field bearing: <100>, and **** type:p mold, specific 
resistance^ 0 ohm-cm) manufactured by 1.2 mm/min. 

[0014] Pre-heat treatment (1 100 degrees C (2 hours, example 1-1), 1 150 degrees C (2 hours, 
example 1-2), and 1200 degrees C (2 hours, example 1-3)) was performed in the desiccation 
oxygen ambient atmosphere about these wafers (three sheets each), respectively, the oxide film 
formed at this time was removed and defecated in the rare HF water solution after that, and, 
subsequently 5-micrometer polish of the front face of these wafers was carried out. 
[0015] Oxide-film pressure-proofing was measured as follows about the wafer which performed 
the above-mentioned processing, first, a wafer front face — gate oxide — the inside of 900- 



degree-C desiccation oxygen^^ient atmosphere — 25nm — forming^^E it top — LPCVD — 
the MOS diode which uses as an electrode the thing in which 300nm of film of polish recon was 
made to form by law, and which carried out the back phosphorus dope was produced. 
[0016] Next, oxide-film pressure-proofing was measured about 100 MOS diodes per wafer (gate 
area: 8mm2 and judgment current value:1 mA/cm2), and the rate of 8MV/cm or more was made 
into the rate of an excellent article. 

[0017] The above-mentioned measurement result of oxide-film pressure-proofing was shown in 
drawin g 1 . The rate of an excellent article of oxide-film pressure-proofing of the wafer which 
processed this invention became 65% or more at 1 100 degrees C (example 1-1), the 
effectiveness appears clearly, and it turns out at 1 150 (example 1-2) to 1200 degrees C 
(example 1-3) that it is improved by leaps and bounds even to 85% so that clearly from the result 
of this drawing. 

[0018] Moreover, it was shown in drawin g 2 by making into an oxide-film proof-pressure 
histogram distribution of 1 150 degrees C in this example and the dielectric-breakdown 
reinforcement of the gate oxide about one wafer (the number of data 1 00 pieces) which 
performed heat treatment (example 1-2) of 2 hours, i.e., field strength. The wafer which 
processed this invention has the frequency of the high field strength of the base of 10MV/cm 
especially as highest as about 70%, and the effectiveness is clearly shown so that clearly from 
drawin g 2 . 

[0019] Furthermore, in order to investigate the condition on the front face of a wafer in this 
example, with the laser particle counter (LS6000, Hitachi Electronics Engineering make), the 
particle number of counts with a size of 0.15 micrometers or more was measured, and the wafer 
which performed 1 100 degrees C and heat treatment (example 1-1) of 2 hours was shown in 
drawin g 3 . From the result of this drawing, it became clear that very few wafers of the particle 
number of counts were obtained. 

[0020] The experiment when not performing polish removal of an example of experiment 1 wafer 
front face was conducted. That is, it is a non-heat-treated wafer (five sheets) about the same 
wafer as what was used in the example 1. It is 1 100 degrees C (for 2 hours) in a desiccation 
oxygen ambient atmosphere about the wafer of the five-sheet each unit outside the example 1-0 
of an experiment. Pre-heat treatment (the example 1-1 of an experiment, 1 150 degrees C (2 
hours, example 1-2 of an experiment), 1200 degrees C (2 hours, example 1-3 of an experiment), 
and 1280 degrees C (30 minutes, example 1-4 of an experiment)) was performed, and the oxide 
film formed at this time was removed and defecated in the rare HF water solution after that. 
[0021] Subsequently, oxide-film pressure-proofing was measured like the example 1, and the 
rate of an excellent article was shown in drawin g 1 . The temperature of non-heat-treated 
elegance (example 1-0 of an experiment) and pre-heat treatment is almost ineffective, was able 
to cover the expenses [ degrees C / 1 100 degrees C (example 1-1 of experiment) - / (example 
1-2 of experiment) / 1 150 ] of temperature to 1280 degrees C (example 1-4 of an experiment), 
and was able to cover the expenses [degrees C ] of the rate of an excellent article of oxide-film 
pressure-proofing to 75% or more so that clearly from this drawing. Even if it compared this rate 
of an excellent article with the case (example 1-2) of 1 150 degrees C of an example 1, the quite 
low thing became clear. 

[0022] The oxide-film proof-pressure histogram of the gate oxide about one wafer (the number 
of data 100 pieces) was shown in drawin g 2 like the example 1, respectively about what 
performed non-heat-treated elegance (example 1-0 of an experiment) and 1150 degrees C, and 
heat treatment of 2 hours among the wafers of this above-mentioned example of an experiment 
(example 1-2 of an experiment). As compared with the case of an example 1, the degree of 
variation can say neither of the cases as fitness highly so that clearly from drawing 2 . 
[0023] Moreover, the particle number of counts with a size of 0.15 micrometers or more was 
measured like the example 1, and what performed non-heat-treated elegance (example 1-0 of an 
experiment) and 1 100 degrees C, and heat treatment of 2 hours among the wafers of this 
example of an experiment (example 1-1 of an experiment) was shown in drawin g 3 . It turned out 
that the particle number of counts of the wafer which heat-treated this example is increasing 
compared with a non-heat-treated wafer so that clearly from this drawing. 



[0024] this particle — RCA p^^rant remover [ — reference: — N.Ker^J^J D.W.Puotimen"RCA 
Review", 31, and 187(1970)] etc. — even if it performs washing by the chemical, it does not 
decrease. 

[0025] As shown in the example 1 of an experiment, it is possible that the reason the 
improvement of oxide-film pressure-proofing was seldom found is because the effectiveness of 
elevated-temperature heat treatment mentioned above and the effect of the above-mentioned 
particle generating were offset. Then, as shown in the example 1, by carrying out amount polish 
of the wafer front face a little, and taking out a pure mirror plane showed that very few wafers of 
the particle number of counts could be obtained, therefore effectiveness was in an improvement 
of an oxide-film proof-pressure property. 

[0026] Furthermore, this invention person etc. investigated also about the TDDB (dielectric 
breakdown with the passage of time) property. Although the above-mentioned example 1 showed 
the dielectric-breakdown reinforcement of gate oxide, it is a property important when estimating 
the life of a device, the long-term dependability, i.e., TDDB property, of an oxide film. The wafer 
with an MOS diode which measured drawin g 1 was used for the measured wafer. Gate area is 2 
1mm. The constant-voltage stress of 100 per wafer and -12 MV/cm was impressed about the 
MOS diode, and the TDDB property was measured. About non-heat-treated elegance (example 
1-0 of an experiment), and the wafer (two sheets each) which performed processing [an example 
1-2 (degrees C [ 1 150 ], 2 hours) and an example 1-3 (degrees C [ 1200 ], 2 hours)] of this 
invention, the measurement result was shown in drawin g 4 . It checked that the same 
effectiveness appeared also in a TDDB property as shown in drawin g 4 . 
[0027] 

[Effect of the Invention] By processing this invention, remarkable effectiveness was in reduction 
of defect density which degrades an oxide-film proof-pressure property in a wafer front face. 
After processing this invention, most minute defects were not incorporated in the gate oxide 
formed on the wafer, but it became possible to obtain the semiconductor integrated circuit which 
was excellent in the oxide-film proof-pressure property. That is, offer of the wafer which can 
manufacture a reliable high and semiconductor integrated circuit of withstand voltage was 
attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the relation between front heat treatment temperature 
and the rate of an excellent article of oxide-film pressure-proofing for an example 1 and the 
example 1 of an experiment. 

[ Drawin g 2] It is the graph which shows the oxide-film proof-pressure histogram in an example 
1-2, the example 1-2 of an experiment, and non-heat-treated elegance. 

[Drawing 3] It is the graph which shows the particle number of counts in an example 1-1, the 
example 1-1 of an experiment, and non-heat-treated elegance. 

[ Drawin g 4] It is the graph which shows an example 1-2, an example 1-3, and the TDDB property 
about non-heat-treated elegance. 
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[ Drawin g 2] 
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[ Drawin g 3] 
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